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There is an urgent need for a quick and effective survey of areas hit by acci-
dents, that result in contamination with chemical, radioactive or explosive mate-
rials. Hence the need for mobile robots, which should be able to perform tasks in
different environments for a long period of time, so that they can detect hazardous
materials, identify their sources and create maps of their distribution. As a result,
we can limit the spread of dangerous materials to other areas and reduce their
harmful effects on the environment and the health of people. In this paper, we
present a functional description of a robot capable of terrestrial-aerial movement in
order to inspect areas and mark the contaminated parts. Here, we focus on the fol-
lowing topics: drone basic components, communications between the robot and the
workstation, robot positioning, and detection of chemical contamination. During
that we present a review of many important contributions in order to show the latest
developments and try to explore future research directions.

Keywords: terrestrial-aerial robot, drone, communications, inner-outer loop
control, GPS, chemical sensors.

Introduction

Undoubtedly, there are many areas which are at risk due to various hu-
man activities, such as landfills, industrial sites, gas companies, nuclear
power plants, etc. These areas require constant inspection in order to detect
unwanted hazardous emissions. The inspection can be performed by placing
a set of appropriate sensors in fixed locations of the areas to be examined,
but the use of mobile robots is more effective and economical.

The robot we aim to develop is a device capable of terrestrial-aerial
movement in various environments and different weather conditions with
the purpose of detecting dangerous materials and marking the high-risk
parts of the area. In [1] we have described the various components of this
robot and showed, through many diagrams, how these components are con-
nected with each other, where the description is based on the patent in [2].
Through this paper, we aim to perform a functional description of some
components of the robot to be developed, as the device can be functionally
divided into several components based on the multiple partial functions it
can perform.

The paper is organized as follows: In Section 2 we present a comparison
between the different types of multirotors (multicopters), as well as a de-
scription of their working principle. In Section 3 we present a description of
the wireless communication between the robot and the workstation. Then, in
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Section 4, we describe how robot positioning is done using global naviga-
tion satellite systems. After that, in Section 5, we conduct a review of the
chemical sensor technology for aerial robots. Finally, we conclude in Sec-
tion 6.

Description of the multirotor

The multirotor is an essential component of the robot to be described. It
is responsible for providing the robot with the necessary thrust to move
whether in the air or on the ground. The most common multirotors are: tri-
copter (3 rotors), quadcopter (4 rotors), hexacopter (6 rotors), and octocop-
ter (8 rotors).

There are many factors that are taken into account when choosing the
most suitable multirotor for an application. With the increase in the number
of rotors, the vehicle's strength and ability to lift heavy loads increase, in
addition to greater safety and stability. Furthermore, the multirotor's maxi-
mum speed and its ability to fly at higher altitudes also increase. The multi-
rotor should be able to fly even when one of its motors breaks down. In this
case, hexocopter and octocopter are more desirable [3]. With regard to the
considered robot, we have previously shown in [1] that the use of a hex-
acopter offers many benefits compared to quadcopter. The use of an octo-
copter can also be a good option, but one must account for its high cost and
energy consumption.

In a multirotor, half of the motors rotate clockwise, while the other half
rotate counterclockwise. Flight control is based on the variations in the mo-
tors’ angular velocities. When all the motors have the same speed, the drone
can move up or down, or it can hover at the same altitude as shown in Fig-
ure (1.a).

(a) (b) (©

Fig. 1. Performing different movements of a quadcopter: (a) hover: all the motors have the
same speed, (b) pitch or roll: one motor has higher speed than the others, (c¢) yaw: two motors
of the same direction have higher speed than the other two motors [20]

The vehicle mainly performs three other types of movements as shown
in Figures (1.b) and (1.c), which are: 1) pitch, which means rotation around
the side-to-side axis. 2) roll, which means rotation around the front-to-back
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axis. 3) yaw, which means rotation around the axis perpendicular to the
plane of the drone.
Communication

A wireless connection is needed between the drone and the workstation.
There are several technologies for implementing it. No technology is best
suited for all applications, rather, it depends on the application requirements
[4]. Wireless technologies can be divided into two main groups, licensed
spectrum technologies and unlicensed spectrum technologies. Examples of
licensed spectrum technologies are GPRS, EDGE, UMTS, WAVE, and
LTE. Examples of unlicensed spectrum technologies are Bluetooth (IEEE
802.15.1), Zigbee (IEEE 802.15.4), and WiFi (IEEE 802.11). Some tech-
nologies such as WiMAX (IEEE 802.16) may contain licensed spectrum
standards and unlicensed spectrum standards [5]. According to the applica-
tion requirements, the drone can be equipped with a licensed spectrum tech-
nology as in [6, 7], or an unlicensed spectrum technology such as WiFi [3,
4], it can also use cognitive radio (CR) technology [8].

As for the robot of detection and identification of hazardous areas, the
channel must be fast enough to transmit data with large sizes such as video,
i.e. at a speed higher than 2 Mbps [5]. The appropriate maximum range de-
pends on the size of the area to be examined, which can span several kilo-
meters.

Positioning using global navigation satellite systems

It is very important that the robot be provided with the necessary equip-
ment that allows to determine its position accurately at every moment of
time. To achieve this, global navigation satellite systems (GNSS) are often
used. The most common system is the global positioning system (GPS),
which is owned by the government of the United States. GPS consists of
three main segments: space segment, control segment, and user segment.

The system works according to the following principle: The user device
receives navigation messages that carry information about the exact location
of the satellite and the transmission time of the message. Using the concept
of time-difference-of-arrival, the receiver can locate the satellites that fall
within its field of view. The receiver must be able to see at least four satel-
lites in order to perform the necessary calculations for accurate positioning
[9-11].

Another global navigation system is the Russian GLONASS system.
Other systems include the Galileo system and the Beidou system. There are
regional systems such as the Indian NavIC system and the Japanese Michi-
biki system.

User segments can be designed to receive signals sent by satellites of
different systems such as GPS and GLONASS together. This allows for
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improved accuracy and faster position correction. However, global naviga-
tion systems suffer from many disadvantages as their signals are greatly
affected by obstacles such as high buildings and mountains [12]. Also, these
systems are susceptible to jamming as intentional interference can com-
pletely disrupt signal reception. Therefore, they are not sufficient on their
own for accurate positioning [3].
Detection of chemical contamination

With regard to providing drones with chemical sensors, research works
focus on detecting the presence of specific gases in the area to be examined,
determining their concentration, distribution and sources. In [13] a review
of developments in the field of chemical sensing using airborne robots was
conducted for the time period from the beginning of the 1990s to the mid-
2000s. Also in [14] a review of developments in gas sensing technologies
was conducted, and a classification of the methods used in this technology
was made. After that, practical applications began to appear as chemical
sensors became commercially available at reasonable prices and sizes that
would allow them to be installed on drones [15—18]. In [18] the tunable
diode laser absorption spectroscopy (TDLAS) chemical sensor was used,
which can remotely measure the concentration of a specific gas. This sensor
was installed on a hexacopter in [19]. Based on this reference study, it can
be said that future work is directed towards obtaining chemical sensors with
smaller size, lighter weight and less energy consumption, in addition to in-
creasing the accuracy of gas distribution mapping and source localization.
Conclusion

In this work, we have described some of the functional components of a
robot capable of terrestrial-aerial movement, whose task is to conduct an
inspection of different areas, detect the presence of chemical and radioac-
tive contamination, and mark high-risk parts. The focus in this work was on
the following topics: the principle of operation of a multirotor, the commu-
nication between the drone and the workstation, robot positioning, and de-
tection of chemical contamination. In our future work, we will continue to
describe the remaining components of the device.
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